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The changes in hydrogen-ion concentration of the albumen and yolk in the avian

egg have been considered as indicative of the character of the metabolic processes

occurring within the egg. These changes are, therefore, of importance in studies

of embryonic development (Needham, 1931 ;
Romanoff and Hayward, 1943).

A review of the literature (Needham, 1931
;

Romanoff and Romanoff, 1929)
indicates that considerable work has been done on the hydrogen-ion concentration

of the hen's egg and very little on the eggs of other species (Shklyer, 1937). It is

of interest to know whether or not the changes in this physical property of eggs are

similar in different species of birds.

METHODSAND MATERIALS

To obtain these data the present study includes the eggs of the Leghorn chicken

(Callus gallus) , Ring-necked pheasant (Phasianus torquatus), Bobwhite-quail (Co-
linus virginianus) ,

White Holland turkey (Mcleagris gallopavo}, Pekin duck (Anas
platyrhynchos} and of domestic goose (Anscr anscr}. Particular effort was made
to obtain eggs as fresh as possible. On an average the chicken eggs were one or two
hours old, while the age of the eggs of other species varied from 24 to 36 hours.

The pH value was determined electrometrically, using an hydrogen electrode. The
observations were carried out : ( 1 ) on the albumen until it was merged with the

yolk sac, thus losing its physical entity, and (2) on the yolk until hatching time.

EXPERIMENTALRESULTS

Egg albumen

The data for hydrogen-ion changes in albumen (Fig. 1 A) show a striking simi-

larity in all the curves. The initial rise in pH, from as low as 7.6 to as high as 9.5,

at the beginning of incubation is followed first by a rapid, then by a more gradual
decrease to approximate neutrality. All values obtained were for the middle dense

layer of albumen, for it has been shown (Romanoff, 1943a) that the pH values of

the different layers do not vary to any great extent even in fresh eggs. The results

presented here agree with those of Shklyer (1937) for hens, turkeys, ducks and

geese in all essentials except for the initial pH values which were higher than ours.

Evidently the eggs used by Shklyer in his experiments were of more advanced age
before their setting for incubation.

Egg yolk

Previous observations show that at certain stages of incubation there is a mor-

phological differentiation of egg yolk into two fractions dense and liquefied (Roma-
noff, 1943b), with quite distinct electrical conductivities (Romanoff and Grover,
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1936). For that reason, as was anticipated, the dense egg yolk undergoes an en-

tirely different change in hydrogen-ion concentration. There is a gradual rise from

slight acidity, of about pH 6.0, to an alkalinity of about pH 7.8 near the end of the

incubation period (Fig. 1 B). Then the pH values decrease slightly before the

time of hatching. The data for all species follow the same general trend of change.

This again is in close agreement with data published by Shklyer (1937).
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FIGURE 1. Changes in pH of avian eggs during embryonic development : A, albumen,

B, dense yolk, and C, liquefied yolk. The data based on observations of over 600 eggs, daily

averaging from 3 to 15 eggs for each species.

The liquefied yolk of avian eggs is consistently more alkaline in reaction than the

.semi-solid or dense portion (Fig. 1 C). According to Shklyer (1937) the liquefied

yolk in the egg of the domestic fowl maintains an average pH value of about 7.7

throughout its period of existence.

DISCUSSION

It is now recognized that to obtain comparable results, certain variables must be

controlled in ascertaining changes in the hydrogen-ion concentration of the develop-

ing egg; this is especially true of the albumen. Two of the most important of these

variables are the age of the egg at the time of setting for incubation, and the condi-

tions under which they have been kept in storage.



HYDROGEN-IONCONCENTRATIONIN AVIAN EGGS

The pH value of the alhumen increases rapidly in an egg with aging ( Romanoff

and Romanoff, 1929). Unless eggs are set for incubation immediately after laying,

the initial rise in pH of albumen during the development may not be fully observed.

For this reason the values for the incubated eggs given by other investigators (see

reviews by Romanoff and Romanoff, 1929; Needham, 1931; and Shklyer, 1937)

frequently show high initial pH value, which afterwards has only a steady decrease

towards acidity. The older the egg at the beginning of the incubation the nearer

the pH value will be to the peak of alkalinity in the initial stages. In eggs kept
under ordinary environmental conditions (temperature about 12-13 C.) for only

about seven days, the portion of the curve showing a rapid rise in pH would be

almost completely eliminated. Consequently without adequate control of the age
of the egg, the results of many former studies demonstrate either only a very slight

rise in the curve (Gueylard and Portier, 1925; Penionschkevitch, 1934; Berenstein

and Penionschkevich, 1935) or none at all (Aggazzotti, 1913; Buytendijk and

Woerdeman, 1927; Shklyer, 1937).
The initial rapid rise in the pH of the albumen during early incubation, as well

as in storage, has been shown to be caused by the loss of carbon dioxide ( Sharp and

Powell, 1931; Brooks and Pace, 1938). It has been determined experimentally
that the pH of the egg albumen is in direct relationship to the concentration of car-

bon dioxide in the incubator (Romanoff and Romanoff, 1930, 1933). With 10

per cent of carbon dioxide in the air the pH value of albumen does not rise at all

the curve flattens out, and the normal peak of high alkalinity is not observed. Simi-

larly in storage at low temperature (0 C.), the rise in pH may be prevented by

high carbon dioxide pressure (Moran, 1937).
It is the author's experience that with the eggs of the same preincubation age,

the incubating temperature, within the range of embryonic survival, 35.5-39.5 C.

(Romanoff, Smith and Sullivan, 1938), has a very insignificant effect on the vari-

ation in hydrogen-ion concentration of albumen and yolk. Also, negative results

were obtained with the changes of relative humidity in the incubator (Penionsch-

kevitch, 1934). However, according to Sharp and Powell (1931), the rise in pH
of egg albumen prior to incubation is hastened by a higher temperature.

SUMMARY

The observations on incubated eggs of chicken, pheasant, quail, turkey, duck,

and goose clearly indicate that changes in hydrogen-ion concentration of albumen,

and of dense and liquefied portions of yolk are similar for all species studied, and

suggest a pattern which may be characteristic of all ayian eggs. In the albumen
there is a rapid rise in pH, then a fall

;
in the dense yolk, a gradual rise with a slight

fall at hatching ; and in the liquefied yolk during its existence, high pH value without

change.
The initial pH value of egg albumen during embryonic development depends

chiefly upon the preincubation age of the egg fresh eggs would give low, while

older eggs would give high pH values of albumen at the beginning of incubation.
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